ABSTRACT OBJECTIVES: Physical activity (PA) research during pregnancy relies heavily on indirect/subjective measures of PA, which may be less accurate than directly measured PA. We tested whether the Pregnancy Physical Activity Questionnaire (PPAQ) could accurately estimate PA by comparing PPAQ results to directly measured PA.
P
hysical activity (PA) is an important component of a healthy pregnancy, for both the mother and her child. 1, 2 Unfortunately, research exploring the impacts of prenatal PA continues to rely heavily on indirect and self-reported measures of PA, such as questionnaires or PA recalls, despite mounting evidence of the poor reliability of self-reported PA. 3, 4 Many individuals unintentionally overestimate their PA (e.g., lack of understanding of intensity), and thus the use of selfreported prenatal PA may be less accurate and may lead to the misinterpretation of health outcomes related to prenatal PA. Numerous self-report PA questionnaires correlate poorly with directly measured PA during pregnancy, with questionnaires often overpredicting time spent in moderate intensity PA, and underpredicting time spent in light PA or sedentary time. [5] [6] [7] Despite this evidence, in the past year three papers were published on PA and gestational weight gain (GWG) that used self-reported estimates of PA, [8] [9] [10] and at least three studies were published using the Pregnancy and Physical Activity Questionnaire (PPAQ) to measure PA. [11] [12] [13] The original development and validation of the PPAQ reports weak to moderate correlations between the PPAQ and directly measured PA, 14 however, p-values were not reported. A second investigation reported moderate correlations between a Frenchtranslated PPAQ and directly measured light and moderate intensity PA, but not for sedentary or vigorous activity. 15 Furthermore, both previous studies used uniaxial Actigraphs, and neither study compared the amount of time spent at different PA intensities as measured by the two methods in order to determine whether the PPAQ was over-or underestimating PA. Since the PPAQ was designed to measure duration, frequency and intensity of activity, 14 it is important to evaluate whether it can accurately measure the time spent in different PA intensities.
The purpose of this paper is to compare PPAQ-measured PA to directly measured PA using omniaxial Actical® accelerometers during the second trimester of pregnancy, with a focus on time spent at different PA intensities. Second, as it is suspected that women who are regularly physically active may have better comprehension of PA intensity and duration and thus may be more accurate in reporting PA, we aim to determine if there are any differences in the accuracy of the PPAQ in women who meet PA guidelines during pregnancy compared to those who do not meet PA guidelines. It is hypothesized that the PPAQ will overestimate PA in all women, and the differences between the two measures will be larger in the women who do not meet PA guidelines during pregnancy.
METHODS
Women from the Ottawa area between weeks 13 and 28 of pregnancy were recruited using flyers posted in medical facilities as part of a study examining the impact of PA on the placenta. This study was approved by the research ethics board (REB#0903E) and written informed consent was obtained from all participants. Women who smoked, as well as those with type 1, type 2 or gestational diabetes, fetal growth restriction or hypertensive diseases of pregnancy were excluded. Completion of the PA readiness medical examination (PARmed-X) for pregnancy was required to participate. 16 Maternal height was directly measured and pre-pregnancy weight was self-reported during participants' first visit. Prenatal PA was assessed via two methods: the PPAQ, 14 and an Actical® accelerometer.
PPAQ
The PPAQ is a self-administered questionnaire that asks respondents to report the time spent participating in 32 activities, including household/caregiving (13 activities), occupational (5 activities), sports/exercise (8 activities), transportation (3 activities) and inactivity (3 activities). 14 For each question, respondents select the option that best approximates the amount of time spent engaging in that activity during the current trimester. The PPAQ was completed between weeks 20-28, and women were asked to consider only the second trimester. Each question has six options, and possible time durations range from 0 to 6 or more hours per day and from 0 to 3 or more hours per week. The questionnaire includes an open-ended section that allows respondents to add up to two activities that are not included in the list. The original PPAQ authors previously assigned each activity on the PPAQ to a specific metabolic equivalent (MET) value using field-based measurements in pregnant women 17 and the 2000 update to the compendium-based MET values (1 MET = 1 kcal/kg × hour). 18 These MET values were used to classify each activity by intensity: sedentary (<1.5 METs), light (1.5 ≤ 3.0 METs), moderate (3.0-6.0 METs) and vigorous (>6.0 METs). The duration of time spent per week at each relative intensity of PA was calculated by adding the amount of time spent at each activity within a given intensity level. In congruence with a recent comparison paper, 3 we excluded bicycling, swimming and weight training from the analysis of the PPAQ, as these activities are not well measured by accelerometry. PPAQ activity variables were calculated using two methods: using all questions, and only considering the leisure time section (8 of the 32 questions). We considered the leisure time (LT) section on its own because the authors who developed the PPAQ observed higher correlation coefficients between the LT section and the average Actical® counts per minute, compared to the other forms of activity.
14 Additionally, women may be better able to estimate time spent participating in sports/exercise, rather than household/ caregiving or occupational activities.
Accelerometry
Free-living PA was assessed for 7 days with the omniaxial Actical® accelerometer (Mini Mitter Company, Inc., A Respironics Inc. Company, Blend, OR), which measures acceleration in all directions. Participants wore the accelerometer on an elastic waistband on the right hip during the day, except during bathing and aquatic activities. Participants kept daily logs to record when and why the Actical® was removed. Data reduction and analysis were harmonized with the Canadian Health Measures Survey, which has been used to measure PA in normal weight, overweight and obese adults. 19, 20 In brief, accelerometry data were downloaded as 60-second epochs and signals were reported as counts per minute and translated into steps per minute. Data were processed using standardized quality control and data reduction procedures in SAS version 9.3 (SAS Institute, Cary, NC). 19 Respondents with 4 or more valid days (10+ hours of wear time) were retained for analyses. 20 Standard cut-points were used to measure time spent in various levels of movement intensity, including sedentary, light, moderate and vigorous. 20, 21 Adherence to the Canadian Society for Exercise Physiology's (CSEP) Canadian PA guidelines for adults was used to classify the women as 'active' or 'non-active'. These guidelines recommend 150 minutes of moderate to vigorous PA (MVPA) per week accumulated in 10-minute bouts, to maintain good health. 20, 22 The more stringent, evidence-based PA guidelines for adults were used instead of pregnancy-specific guidelines in order to guarantee the selection of a very active population and because adherence to these guidelines has previously been measured using Actical® accelerometers. 19, 20 Since not all participants completed 7 valid days, adherence to the guidelines was defined as an average daily MVPA > 21.43 minutes, which is equal to 150 mins divided by 7 days.
Analysis
We compared the PPAQ results to the Actical®-measured PA in the combined sample of all women and in the active and nonactive women separately. We performed these PPAQ variable comparisons using two methods: i) using all questions, and ii) considering only the LT section.
Values greater than three standard deviations away from mean were excluded. Non-normally distributed variables were transformed using a logarithmic transformation. Despite transformation attempts, some variables remained non-normally distributed (all women: PPAQ-measured VPA, Actical®-measured VPA and MVPA; non-active women: PPAQ-measured VPA, Actical®-measured VPA) and non-parametric methods were employed. Paired sample t-tests and Wilcoxon signed-rank tests were used to test for potential differences in the PA variables between the PPAQ and the Actical® data. Effect sizes were calculated for the normally distributed variables using the Cohen's d, 23 and for the non-normally distributed variables we used a modified r calculation followed by a conversion to Cohen's d. 24 Independent samples t-tests and Mann-Whitney U tests were used to test for possible differences between the active and the non-active women. Spearman and Pearson correlations tested potential relationships among minutes of light, moderate and vigorous PA, MVPA, and sedentary time, between the two measures of PA. For the descriptive characteristics, p < 0.05 was considered statistically significant. For the comparisons between methods and the correlations, a Bonferroni correction was used to correct for multiple comparisons, thus p < 0.0083 was considered significant. Statistical analyses were carried out using SPSS version 20.0 (SPSS Inc., Chicago, IL).
RESULTS

Characteristics of the women
All women had uncomplicated pregnancies and there were no between-group differences in demographic or anthropometric variables (Table 1) . Of the 29 participants, 16 women had 7 valid days of Actical® wear time. The number of valid days of Actical® wear time for the remaining women was as follows: 6 days (n = 7), 5 days (n = 4) and 4 days (n = 2).
Relations between the measurement tools
The time spent in different intensities of PA (sedentary, light PA (LPA), moderate PA (MPA), vigorous PA (VPA), and MVPA) as measured by the PPAQ and the Actical® are shown in Table 2 .
Relative to the Actical®, the PPAQ significantly overpredicted the number of minutes spent engaging in LPA, MPA and MVPA, with very large effect sizes. Using only the PPAQ, LT questions still overpredicted MVPA by 1.1 (3.4) hrs/wk, but to a lesser extent compared to when using the whole PPAQ [12.1 (14.4) hrs/wk]. In some cases, the PPAQ reported implausibly high levels of activity; 5 women obtained more than 19 hrs/day of activity, with 2 participants' PPAQ results reporting >24 hrs of activity per day. There are substantial differences between the methods with regard to the classification of the women as 'active' or 'nonactive' (Table 3) . The Actical® and the PPAQ agreed in 34.4% of the cases. When only considering the LT section of the PPAQ, a large proportion of the women were still misclassified as active, and the LT PPAQ agreed with the Actical® in 58.6% of cases.
The comparison of the PPAQ to the Actical® when investigating the active and the non-active women separately is shown in Table 4 . In the active women, the PPAQ significantly overestimated LPA, MPA and MVPA with very large effect sizes. In the non-active women, the PPAQ significantly overestimated LPA, MPA and MVPA with large to very large effect sizes. When comparing Actical®-measured PA variables between groups, the active women accumulate significantly more minutes of MPA, VPA and MVPA, and have reduced sedentary time, compared to the non-active women. When comparing PPAQ-measured PA variables, the active women accumulated more minutes of VPA and LT-MVPA, but there was no difference in sedentary time, LPA, MPA or MVPA. The PPAQ overestimated Actical®-measured PA by similar amounts in both groups.
PPAQ variables did not correlate with their respective Actical® measures for sedentary time, LPA, MPA, VPA or MVPA (Table 5) . Notes: Data are presented as mean ± standard deviation or n (%). p < 0.05 was considered significant. * In most cases, the Actical® was worn in the week following the completion of the PPAQ. In cases where the Actical® was worn before 20 weeks gestation, the PPAQ was administered in the following weeks (range 4 to 10 weeks after Actical®). † Valid day of Actical® wear time = 10 or more hours of wear time. Both previous studies used uniaxial Actigraphs rather than omniaxial Acticals®, and pooled women from the three trimesters, and these differences may have contributed to the different results observed in the current study. Furthermore, neither of the previous manuscripts directly compared the time spent in different PA intensities as measured by the two methods. Given that only moderate correlations were found between the methods, 14, 15 it is unknown whether the PPAQ is under-or overpredicting PA or the magnitude of the difference. Based on our findings, and the missing p-values in the Chasan-Taber paper, 14 we do not believe that the PPAQ is a reliable tool to estimate time spent in different intensities of PA during pregnancy. According to the Actical®-measured PA, only 10 of the 29 women met the PA guidelines, however according to the PPAQ, all 29 women met, if not vastly exceeded, these guidelines. Using the PPAQ and misclassifying a number of the non-active women as active is problematic, especially if this questionnaire were to be employed in research exploring the health effects of prenatal PA. A questionnaire that overestimates PA may increase the likelihood that spurious relationships will be observed. Using the PPAQ may cause relationships between PA and pregnancy outcomes to be missed if women who are not engaging in sufficient PA are grouped with the highly active women, thus diluting the actual level of PA in an active group of women. This gross overestimation of PA and the lack of correlation between the PPAQ and the Actical®-measured PA call into question the findings from the recently published studies that used the PPAQ to measure PA during pregnancy. [11] [12] [13] Given our findings that the PPAQ significantly overestimates PA, it is possible that the conclusions from the previous studies may not represent true relationships. The use of directly measured PA would have provided more reliable measures for PA, potentially leading to different results and interpretations. The overestimation of PA and the inaccuracies of the PPAQ are consistent with previous work comparing self-report PA to directly measured PA. Bell and colleagues compared two different PA questionnaires to directly measured PA and found that both questionnaires overestimated MVPA in lean and obese women and showed a poor ability to classify women as active or not (n = 59). 5 Additionally, the International Physical Activity Questionnaire (IPAQ) overpredicted MPA, but underpredicted LPA, with poor correlations between the IPAQ and accelerometer measures of PA during pregnancy (n = 30). 6 Furthermore, in overweight and obese pregnant women, the Note: All data (normally and non-normally distributed variables) are presented as median (interquartile range) for ease of comparison. The mean ± standard deviation of the normally distributed variables are provided in supplemental file 1. * p < 0.0083 was considered a significant difference between the methods within the women of the same group. † p < 0.0083 was considered a significant difference in PA variables from the Actical® between the active and non-active women. ‡ p < 0.0083 was considered a significant difference in PA variables from the PPAQ between the active and non-active women. When investigating the active and the non-active women separately, by design the active women accumulated significantly more minutes of Actical®-measured MVPA. Contrary to our hypothesis, there was no difference in how much the PPAQ over-or underestimated any of the Actical®-measured PA variables between groups. Given that women who are regularly physically active might have a better understanding of the intensity and duration of PA, it was suspected that non-active women would be more likely to overreport their PA. However, when using the PPAQ, both groups over-reported their PA to the same extent.
When only the leisure time section of the PPAQ was considered, the PPAQ continued to overestimate MVPA in all women, but to a lesser extent compared to when using the whole questionnaire [1.1 (3.4) vs. 12.1 (14.4) hrs per wk]. When the group was divided into active and non-active women, there were no longer significant differences between LT-MVPA and Actical®-measured MVPA, which may have been the result of smaller sample sizes. LT-MVPA was significantly correlated with Actical®-measured MVPA, suggesting that using only the LT section of the PPAQ is a more reliable proxy for PA than using the whole questionnaire. It is possible that the women were better able to recall or estimate the intensity and time spent participating in leisure time PA rather than in all activities of daily living.
Limitations
One limitation is that the measurement collection periods differ. The Actical® was only worn for one week between weeks 14-28 of gestation, while the PPAQ reflects the entire second trimester. While both measures attempt to capture 'usual' levels of PA, it is possible that the women may have been experiencing unpleasant side effects of pregnancy during the week they were issued the Actical®, and may not have engaged in their usual level of PA. Comparatively, since the questionnaire covers the second trimester, during which time engaging in PA may become increasingly more difficult as gestation progresses, the women may have had trouble accurately averaging their PA across the trimester. In addition, since the PPAQ was completed between weeks 20 and 28, the period of time considered as the second trimester varied from 7 weeks to 15 weeks. Furthermore, given the implausibly high levels of activity reported in the results from some of the questionnaires, it is possible that some women were double-counting some activities, such as instances where two activities were performed simultaneously. The PPAQ does not include sleeping, eating or personal hygiene, so assuming that the women only slept for 6 hrs per day, the total number of hours of sedentary, LPA and MVPA combined should not be higher than 18 hrs per day. However, according to the PPAQ, 5 women accumulated more than 19 hrs per day of activity.
CONCLUSION
The PPAQ does not provide a reliable estimate of PA in pregnancy and we caution against the use of this questionnaire for research requiring an accurate measure of maternal energy expenditure during pregnancy. Although PPAQ leisure time questions may help distinguish trends in PA, data from subjective questionnaires may result in misinterpretation of relationships between prenatal PA with health and/or pregnancy outcomes.
